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ABSTRACT 

In order to investigate obscuration in high-luminosity type 2 AGN, we ana- 
lyzed the Chandra and XMM-Newton archival observations for 72 type 2 quasars 
at z < 1. These objects were selected by cross-correlating the largest catalog of 
optically identified type 2 quasars to date selected from Sloan Digital Sky Survey 
(SDSS) with the Chandra and XMM-Newton archives. The type 2 quasar sample 
was selected based on the [0 ill] A5007 optical emission line which we assume to 
be an approximate indicator of the intrinsic AGN luminosity. The archival X-ray 
spectra were fitted with absorbed power-law models to characterize the spectral 
properties of each source. For 54 objects with good spectral fits, the observed 
hard X-ray luminosity ranges from 2 x 10 41 to 5.3 x 10 44 erg s -1 , with the me- 
dian of 1.1 x 10 43 erg s -1 . We find that the means of the column density and 
photon index of our sample are log Ah = 23.0 cm -2 and T = 1.87 respectively, 
which are consistent with results from deep X-ray surveys. The observed ratios 
of hard X-ray and [O ill] line luminosities imply that the majority of our sample 
suffer significant amounts of obscuration in the hard X-ray band. We also fit the 
spectra using a more physically realistic model which accounts for both Compton 
scattering and a potential partial covering of the central X-ray source to estimate 
the true absorbing column density and use simulations to reproduce the observed 
Lx/L[o in] ratios. We find that the absorbing column density estimates based 
on simple power-law models significantly underestimate the actual absorption in 
approximately half of the sources. Eleven sources show a prominent Fe Ka emis- 
sion line, and we detect this line in the other sources through a joint fit (spectral 
stacking). The correlation between the Fe Ka and [O ill] fluxes and the inverse 
correlation of the equivalent width of Fe Ka line with the ratio of hard X-ray 
and [O ill] fluxes is consistent with previous results for lower luminosity Seyfert 
2 galaxies. We conclude that obscuration is the cause of the weak hard X-ray 
emission rather than intrinsically low X-ray luminosities. We find that about half 
of the population of optically-selected type 2 quasars are likely to be Compton- 
thick. We also find no evidence that the amount of X-ray obscuration depends 
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on the AGN luminosity (over a range of more than three orders-of-magnitude in 
luminosity) . 

Subject headings: galaxies: active — quasars: general — X-rays 



Introduction 



In the standard unification model, all active galactic nuclei (AGN) are powered by 
accretion onto superma ssive black holes (SMBHs), with different geometries resulting in 
various types of AGNs (lAntonuccil Il993l ) . That is, AGN are grossly classified by whether 
broad emission lines are (type 1) or are not (type 2) present in the optical and UV spectrum. 
In the unified model, the central accretion disk and surrounding retinue of high velocity gas 
is directly visible in type 1 AGN, while this region is blocked from a direct view by a toroidal 
obscuring structure in type 2 AGN. In the local universe, low-luminosity type 2 AGNs (type 
2 Seyfert galaxies) are found to be as abundant as type 1 AG Ns (type 1 Seyfe rt galaxies), 
and the applicability of the unified model is well-established (IHao et al.l 120051 1 . Given the 
strong cosmic evolution of the AGN population, the most luminous AGN are very rare in the 
local universe and this population is only well-characterized at high redshift. Unfortunately, 
the heavy obscuration by the dense gas and dust surrounding the SMBH makes type 2 AGNs 
much fainter than type 1 AGN and they become difficult to discover at high redshifts. Thus, 
it is therefore unclear how well the standard unified model works for AGN of the highest 
luminosities and at high redshifts. 

Indeed, X-ray surve ys have shown tha t the ratio of type 2 to type 1 AGN decreases with 



AGN X-ray luminosity (lUeda et al. 



200: 



Sazonov fc Revnivtsev 20o3 Barger et al. 



2006; Gilli et al. 



2007 



Fiore et al. 2008; Treister et al. 



2005 



Treister fc Urry 1 120051 ; lAkvlas et al 

20081 ). For a review see Treister fc Urryl ( 1201 ll ). This is in contrast to the results from 
the infrared, radio and optical surveys (Reyes et al. 2008, see Lawrence & Elvis 2010 for 
review), which suggest that obscured AGNs are about as common as the unobscured ones 
at the highest probed luminosity. 

In this paper we will explore the hard X-ray and optical emission-line properties of the 
largest optically selected sample available to date of highly luminous type 2 AGN. We will 
then compare these properties to those of typical low-luminosity AGN to test the unified 
model at high luminosity. We note that throughout the rest of our paper, we will use the 
term 'Seyfert' to refer to low-luminosity AGN, and 'quasar' to refer to high-luminosity AGN 
(with a dividing line at a bolometric luminosity greater than 10 45 ergs s _1 ). 



A large sample of type 2 quasars are needed in order to test how and if the unified model 
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applies at high luminosities. Although the central AGN is hidden from view in type 2 AGN, 
the strong UV radiation escaping along the polar axis of the obscuring material distribution 
photo-ionizes circum-nuclear gas leading to strong narrow high-ionization emission-lines. 
Since this narrow-line region is at larger radii than the bulk of the obscuring material, 
selection based on narrow optical emission lines promis es to be less biased against type 2 
AGN than hard (E < 10 keV) X-ray surveys (see, e.g., lLaMassa et aD hood lioioh . Since 
the narrow line emission mechanism is the same for both type Is and 2s in the standard 
AGN model, we can expect that the line luminosity serves as an indicator of the intrinsic 
luminosity of the nucleus, and when compared with the observed hard X-ray luminosity, as 
a diagnostic of X-ray obscuration. 



Zakamska et al.l ( 120031 . hereafter Z03) selected 291 type 2 quasars at redshifts 0.3 < 
z < 0.83 based on their optical emission line pro perties from the spectroscopic data of the 
Sloan Digital Sky Survey (SDSS; lYork et al.ll2000l ). They found strong narrow emission lines 
with high-ionization line ratios but no broad emission lines in these objects, and therefore 
identified them as type 2 quasar candidates based on [OIII]A5007 emission-line luminosities 
greater than 10 8 L Q . This new method has greatly expanded the number of type 2 quasars 
known, and it allows the properties of type 2 quasars to b e studied in detai l . Subsequent 



mufti - wavelength studies (jZakamska et al. 



2004 I2005L 12009 : IPtak et al.l 12009 : IVignali et al. 



20061 ) confirmed that the standar d models for AGNs c ould give good descriptions of those 
optically selected type 2 quasars. IVignali et al.l (120101. hereaf ter V10) recently studied the 
X-ray spectra of 25 type 2 quasars from I Zakamska et al.l (120031 ). by comparing the measured 
hard X-ray luminosity with the intrinsic (de-absorbed) X-ray luminosity derived from the 
[O lll]A5007A and mid-IR (5.8/xm and 12.3/xm) line estimators, and concluded that about 
half of the SDSS type 2 quasars with exceptionally high luminosities (L[ G m]> 1O 93 L ) 
might be Compton-thick (absorbing column density Nr > 10 24 cm -2 ). 

By applying the same selection technique to the more rec e nt da ta, a catalog containing 
887 type 2 quasars from SDSS was released by iReyes et al.l (120081 . hereafter R08), which 
expanded the original sample by a factor of four, preferentially at higher [O ill] luminosi- 
ties. We selected the objects covered in X-ray archival observations from this pool, and 
investigated their X-ray properties. These objects provide the largest sample of X-ray type 
2 quasars which have no bias with respect to X-ray luminosity, since they are selected on 
the basis of optical line emission. In this paper, we present our study of 72 type 2 quasars 
observed by Chandra and XMM-Newton. Section [2] describes our sample selection and data 
analysis. Section [3] gives the X-ray spectral analysis. We discuss our results in Section @] and 
come to conclusions in Section Q An ft = .7, fl m = 0.3 and = 0.7 cosmology is assumed 
throughout this paper (jSpergel et al.ll2003l ). 
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2. Sample Description and Data Analysis 

By correlating those 887 optically selected type 2 quasars with the public Chandra 
(within a 5' search radius) and XMM-Newton (within a 15' search radius) archives, 72 quasars 
were found to be covered by Chandra or XMM-Newton or both as of February 20110. The list 
of the coordinates, Galactic column density, redshift, [O m]A5007A luminosity, observation 
ID, exposure time, observation date and off-axis angle for each target is given in Table 
[TJ where objects are identified by their J2000 coordinates and shortened to hhmm+ddmm 
notation elsewhere. Some sources were also studied and published in other papers, and they 
are marked in the last column of Table [TJ 

The data pipeline is done by XAssistQ, which is a software package for automatic 
analysis of X-ray astrophysics data. Point sources with sufficient photons are detected by 
XAssist automatically. However, in cases where sources are not detected due to insufficient 
counts, user-specified region files which contain the source coordinates are supplied as input 
to XAssist. CIAO (ver. 4.3) and XMMSAS (ver. 10.0.0) were called in processing Chandra 
and XMM-Newton data, respectively. The size of each point source extraction region is 
set by fitting an elliptical Gaussian function to a "stamp" image for each source, which 
typically results in a region size of 2" (Chandra) and 18" (XMM-Newton) for on-axis sources. 
Depending on how large the off-axis angles are, the region sizes of Chandra sources vary from 
about 4" to 9", and those of XMM-Newton sources vary from about 20" to 40". Background 
regions are set as annuli centered on the sources, but if the source is located in a crowded 
region or on the edge of the detector, another circlular region in the field was chosen manually 
for background extraction. 



3. Spectral analysis 



We extract the spectra in the energy range of 0.3-10 keV for the XMM observations, 
and 0.3-8 keV for the Chandra ones. X-ray spectral fitting is performed with XSPEC (ve r. 
12). The spectra are grouped to one count per bin, and the C-statistic ( Cash! [l979l ) is 
used in fitting the spectra. Although the C-statistic is devised for unbinned spectra, C- 
stati stic fitting in XSP EC performs better if the spectra are binned to at least one count per 
bin ( iTeng et al.l 120051 ). For those sources with more than 200 photon counts collected, we 



1 This work was performed using the High-Energy Astrophysics Science Archive (HEASARC), 
|http://heas arc. gsfc.nasa.gov] 



version 0.9993, http : //xassist .pha.jhu.edu 
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group their spectra to 10 counts per bin, and use x 2 statistic in the spectral fitting. X-ray 
photons are collected by three detectors on XMM-Newton i.e., PN, MOS1 and MOS2. The 
two MOS spectra are combined and fitted simultaneously with PN spectra in XSPEC, and 
all parameters are tied together except for a constant multiplicative factor to account for 
relative flux calibration differences among the detectors. Five XMM-Newton sources have 
counts detected in only one or two of the three detectors, which are noted in the second 
column in Table [2j Errors are calculated at 90% significance, i.e., A% 2 or AC =2.7 for one 
interesting parameter. 



The X-ray spectra of obscure d (type 2) AGN can be complex (see iTurner et al.l 119971 ; 
Risalitill2002t lLaMassa et al.ll2009[ ). and no single model could fit the spectra well in all cases. 
Thus, we carry out the spectral fit with XSPEC using several spectral models: 

(1) Single-absorber power-law: Initially, the spectrum is fitted as a power- law contin- 
uum absorbed by the Galactic column density (ATh,g) and an intrinsic redshifted absorption 
column density (A%)- This model results in three free parameters: the column density A^h, 
the photon index T, and the power- law normalization. The Gala ctic neutral hydrogen col- 
umn density A"h,g is a fixed parameter ( iDickey fc Lockmanlll990l ). which is calculated from 
HEAsoft Ah tool. Howe yer, in some cases, w e fixed the photon index at T = 1.7 (which is 
a typical value for AGN, iNandra et al.l 120051 ) if it is unconstrained, i.e., the errors exceeded 
reasonable bounds. We list the photon counts, the column densities and the photon indices 
of the spectral fits in Table 121 as well as the derived observed and intrinsic 2-10 keV lumi- 
nosities and the ratios of the X- ray to [O III] luminosity. Some quasars have very small 
column densities in the spectral fits, and we use the upper limit instead in Table |2j The 
spectral plots of each quasar are shown in Figure [1] . 

There are 16 objects observed by Chandra having fewer than 10 photon counts, and 
2 objects observed by XMM with detected total photon numbers fewer than the estimated 
mean background counts. The photon counts are too low to constrain the spectral parameters 
in spectral fitting. Therefore, we calculate the upper limit of the 2-10 keV flux at a 3-cx level. 
We assume that their spectra are an absorbed power-law with T = 1.7 and Ah = 10 23 cm -2 , 
which is a mean value of the column densities given in Table 121 The 3-o~ upper limit of 
the 2-10 keY phot on count rates are calculated by using the Bayesian statistical method by 
Kraft et al.l ( 1199 it ) . We determined the count rate to flux conversion coefficient using XSPEC, 
and multiply it by the count rate upper limit to calculate the 2-10 keV flux upper limit. The 
detected counts, the source count upper limits, and the associated upper limits of the count 
rates, fluxes and luminosities are listed in Table [3J 



(2) Double-absorber power-law: In the case of partial covering or the case of some X-ray 
flux being scattered into the line of sight around a higher column density absorber, a single 
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absorbed power-law cannot model the data accurately (ILaMassa et al.ll2009f ). Thus, we add 
another absorbed power-law component to the spectral fits in 23 cases which either have 
more than 100 photon counts or show high data-to-model residuals in their single-absorber 
power-law fits. The photon indices of both power-law components are tied together when 
fitting the spectra. However, tying the photon indices in the case of SDSS J1034+6001 
results in a very large y 2 , an d we thus use two different indices in fitting its spectrum. 

Table SJlists the parameters and luminosities from their double- absorber model fits, and 
their spectral plots are shown in Figure [2J As shown in Table H] we find that x 2 or C-stat for 
most of the targets is significantly reduced by adding the second absorber component. The 
calculated F-test and significance of adding an additional component are also given in Table 
HI The column densities of the second absorber (iYg a) are about one order of magnitude 
larger than those from their single-absorber models. 

(3) Absorbed power-law plus Gaussian Fe Ka line: If there is a prominent Fe Ka emis- 
sion line by visual detection, a Gaussian component was added to the power-law continuum. 
We initially fixed the line energy Eu ne at 6.4 keV (in rest frame) and the line width (a) at 0.01 
keV (~ 10% of the instrumental line resolution for Chandra and XMM-Newton). In XSPEC, 
we first ignore the photon counts in the energy range of 5-7 keV to get the power-law index 
of the continuum, and then notice them to fit the emission line around 6.4 keV. Eleven 
objects show visually-detected emission lines, and the Gaussian fit parameters as well as the 
equivalent width and line luminosity are listed in Table [5J We also list the change of \ 2 if we 
remove the Gaussian component from the spectral fit to show how significant this emission 
line is. 



4. Results and discussions 

4.1. Column density and photon index distribution 

Of our 72 quasars, at least crude spectral fitting is possible for 54. For these, we find that 
the mean power-law index is T = 1.63 ± 0.80, where the error bar is the standard deviation 
of the power-law indices of the sample neglecting the individual fitting errors. This value is 
based on the single-absorber power-law fit results in Table [2j and those with photon indices 
fixed at 1.7 are not included. In the case that there are multiple observations for one object, 
we use the values of the simultaneous joint fit instead. The mean value is consistent with the 
result of a sample of obscured AGNs selected by INTEGRAL, which finds the mean value of 



photo n index is T = 1.68 but with a smaller standard deviation of a = 0.30 (jde Rosa et al. 



20121 ). However, if we replace the photon indices of those objects having double-absorber 
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power-law fits with the values listed in Table H] we find T = 1.87 ± 0.74, which is slightly 
larger. If we use only the results in Table H] for double-absorber power-law fits, it becomes 
even larger, i.e., T = 2.14 ± 0.62. This distri bution is much li ke th e one found in the best 



fits of a sample of local Seyfert 2s studied by lLaMassa et al.l ( 120091 ). where more than half 



of the objects have double-absorbed power-laws as their best-fitting model. We show such 
comparison in Figure [3j 

By excluding those with upper limits for their column densities in spectral fits, we find 
the mean A^h of our sample is log Ah = 23.0±0.9 cm -2 , whose distribution is consistent with 
those Seyfert 2s as shown in Figure HI We will discuss the possible luminosity dependence 
of obscuration in the following sections. 



4.2. The Lx/L[o ni] ratio as an indicator of obscuration 



As the [O ill] A5007 line emission originates in the narrow line region and so is not 
affected by the circumnuclear obscuration, the ratio between the observed hard X-ray (2-10 
keV) and [O ill] line luminosity could be used as an indica tor of the obscuration of the hard 
X-ray emission (IHeckman et al.ll2005l ; lLaMassa et al.ll2009l ). We list the Lx/I/jo in] ratios in 
Tables [2] and HI where we use the luminosities from the double-absorber power-law fit when 
there are sufficient counts. In Figure El we plot a histogram of the L x /£[o in] ratios for our 
sample. We also show the observed distributions for type 1 (dashed blue line) and type 2 
AGN (dot-dashed red line) (IHeckman et al.ll2005l ). The X-ray to [O ill] lu minosity ratio of 
our sample agrees well with that of type 2 AGNs from IHeckman et al.l (120051 ). indicating that 
this sample is also likely experiencing obscuration. However, the fitted obscuring column 
densities inferred from the single-absorber power-law spectral fits are often too low to be 
consistent with the Lx/£[o in] ratios of type 2 quasars, e.g., the single-absorber model likely 
underestimates the amount of X-ray obscuration in our sample. Thus, we estimate their 
obscuration in the following subsection by using the X-ray to [O ill] ratios. 



4.3. Estimation of the absorbing column density 

As mentioned above, the derived observed Lx/£[o in] ratio in Table [2] and 0] implies that 
the targets in our sample are more highly obscured than would be implied by the fitted col- 
umn densities Ah from our spectral models, i.e., the column density is underestimated in our 
spectral fits for at least half of the whole sample. We therefore use t he correlation between 
the hard X-ray and [O ill] luminosity for both type 1 and 2 AGNs ( IHeckman et al.l 120051 ) 
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to m ore realistically estimate the absorbing column densities of our targets (ILaMassa et al. 
20091 ). We employ a Monte Carlo approach to take the dispersion in the Sy 1 Lx/L^q ni] 
distributions into account. First we generate 1000 random numbers which follow a Gaus- 
sian distribution with the sa me mean and dispersio n as the L2-10 kev/-^[oni] distribution of 
unobscured (type 1) AGNs in lHeckman et al.l (120051 ). Simulated unobscured 2-10 keV X-ray 
luminosities are computed by multiplying these values by the observed [O ill] luminosities 
for each AGN. The difference between the predicted unobscured X-ray luminosity and the 
observed value is considered to be due to absorption. Secondly, we make a look-up table 
of predicted count rates and fluxes corresponding to the column densities varying from 
to 10 25 cm" 2 for each target in XSPEC. The expected count rates and fluxes are computed 
based on a partial covering model with covering fraction of 0.99 and photon index fixed at 
1.7. We then interpolate the effective column density A^H, S im that predicts a model count 
rate consistent with the observed count rate using the look-up table. 

We compare the results from these simulations and the single- and double-absorber 
power-law spectral fits in Figure El The fitted Ah values from the single-absorber model 
(black plus symbols) are systematically lower than the simulated column densities, while 
A^h,2 from double-absorber model (red asterisks) are more consistent with the simulated 
column densities, showing that not surprisingly more complex spectral models do a better 
job of recovering the intrinsic column density implied by the attenuated X-ray flux relative 
to the [O ill] emission. 



Additionally, we used the plcabs model in XSPEC (lYaqooblll997l ) to fit the spectra in order 
to approximately take Compton scattering into account (this model assumes a spherical 
covering which is not likely to be the case). In our fitting, the number of scatterings is 
set equal to 1 for < A H , sim < 10 24 cm" 2 , 5 for 10 24 < Ai 



H,sim 



< 5 x 10 24 cm" 2 , and 12 



for A^H,sim > 5 x 10 cm" . The results of simulated column densities from both partial 
covering model and plcabs are shown in Table [7J where the lower limits for the simulated Ah 
are derived according to the upper limits of the photon count rates in Table [3j As shown in 
Table [7] about half of the sources have a fitted column density An.picabs much lower than the 
simulated A^sim- This indicates that direct spectral fitting still underpredicts the column 
density even by introducing Compton scattering in some cases, which reaffirms the necessity 
of using Lx/L[o ni] ratio as an indicator of intrinsic obscuration. In summary these results 
imply that high signal-to-noise broadband spectra fitted with more complex (and realistic) 
models are more likely to recover the true (higher) colum n densities than simple power- law 



fits. This is also seen in low er luminosity Seyfert 2 galaxies (ILaMassa et al.ll2009l ; iRigby et al. 
20091 : iMelendez et alJlioogh . 
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4.4. Iron Line Emission 

A significant iron emission line is found in 11 of the type 2 quasars (see Table [5]). For 
the rest of the sample which do not show a significant Fe Ka component in their individual 
spectra, we grouped them according to their observed Lx/Liq n i] ratio, and then applied 
a 'spectral' stacking procedure. In Table El we show the four bins of the X-ray to [O ill] 
luminosity ratio that are used to group the sources (where again the Lx/£[o in] values are 
from Table H] if double-absorber power-law fits are performed), and we exclude those with 
photon counts fewer than 10 in the 2-10 keV band. We load the spectra of the objects in the 
same bin into XSPEC and only fit their spectra in the 3-8 keV range to minimize the impact of 
the spectral complexity discussed above. We assume that they have approximately the same 
properties for the power-law continuum and iron emission line. The intrinsic line width (a) 
in the Gaussian component is fixed at 0.01 keV (i.e., unresolved for CCD spectra), and the 
photon indices of the continuum power-law is fixed at 1.7. The spectrum of each object is 
not physically shifted to account for redshift since the redshift is instead taken into account 
in the spectral model. The normalization of the power-law component and the line energy 
parameter of the Gaussian component are tied together between the fits, but the overall 
normalization for each source is allowed to be free. The line energy and equivalent width of 
iron line of each bin are shown in Table [6j 

We show the correlation between the (effective average) Fe Ka equivalent width (EW) 
and the ratio of hard X-ray and [O ill] luminosities (Lx/£[o in]) m Figured This includes 
the stacking procedure along with the 11 quasars with prominent iron lines in Table [5] (black 
plus symbols with error bar), the four groups classified by their L x /£[o in] ratio in Table 
Q] (blue plus symbols without error bar), and the sample of type 2 Seyfert galaxies from 



LaMassa et al.l (120091 ) (red asterisk with error bar). Two objects (SDSS J1218+4706 and 
SDSS J1238+0927) are included in both our sample and theirs, and we use the EW and 
luminosity in Table [5] to make the plots as both papers give similar results. In order to fit 
the correlation by taking the upper limits into account, we use survival anal ysis ASURV Rev 



.2, w hich implements the method presented in llsobe fe Feigelsonl (119901 ) and lLavalley et al. 



(119921 ) to investigate the correlation between these two parame ters (log EW in u nits of 



eV and Lx/£[o in]), which uses the bivariate data algorithm by llsobe et al.l (119861 ). The 
correlation coefficient found in the survival analysis is —0.52 ± 0.10, and it is significant at 
the a level of > 99%. 

We also investigate the correlation between the iron emission line luminosity and the 
[O ill] luminosity by applying survival analysis. This is shown in Figure [HJ which includes 



the 11 individual objects listed in Table [5] (symbols in black), the sample from lLaMassa et al. 



(120091 ) (symbols in red) and those in our sample with no visually-detected iron lines (symbols 
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in blue). For those not listed in Table we grouped them in bins defined by their [O ill] 
luminosities. The iron line luminosity in each bin is calculated as the mean of L\q nil by 
multiplying the ratio of < fp c > / < /[oiii] >> where < fp c > and < /[oni] > are the means 
of iron line and [O ill] fluxes in this bin respectively. The mean values of iron line luminosity 
in the bins of L[o in] are listed in Table El where the error of Lp e is calculated using error 
propagation of 5fp e and <5.f[ouT] ■ The slope o f the linear regression fit i s 1.31 ±0.24, compare d 
with the value of 1 given by IPtak et al.l J200J and 0.7 ± 0.3 by lLaMassa et aP koQ^ \. 
implying that the Fe Ka line luminosity is roughly tracking the intrinsic AGN luminosity in 
a similar fashion to lower luminosity obscured AGN. 



4.5. Luminosity Dependence of Obscuration 



LaMassa et al.l (120111 ) studied a sample of 45 type 2 Seyfert galaxies selected based on 
their mid- infrared continuum and [OIII]A5007 and emission line fluxes. They found that the 
observed hard X-ray to [O ill] flux ratios are one o rder of magnitude low er on average than 
that of type 1 Seyfert galaxies (in agreement with iHeckman et al.l 120051 ) . and they show a 
continuum of inferred X-ray obscuration without a clear separation into Compton-thin and 
Compton-thick populations. Here we similarly find that there is no strong break in the 
distributions of either the fitted Nn distribution or the Lx/ L[q ni] ratio for high luminosity 
type 2 AGN (Figure H] and [5]). We also find that the correlation between the Fe Ka and 
[O ill] luminosities is evidently the same between this sample of type 2 quasars and type 
2 Seyfert galaxies. Finally, Figure [7] shows that the correlation between the EW of iron 
line and the L x /L[ ni ] ratio is also the same for both the low luminosity (Seyfert) and 
high luminosity (quasar) type 2 AGN. Taken together, these results show that low and high 
luminosity optically- selected type 2 AGN luminosities have similar properties with respect 
to their X-ray obscuration. 

We examine the possible luminosity dependence of obscuration more directly in Figure 
O in which we plot the column density of the second absorber versus the observed [O ill] 
luminosity for those AGN having double- absorber po wer-law fits in Table EH We also add 
the corresponding data for the type 2 Seyferts from lLaMassa et al.l (120091 ). There is no 
tendency for the column density to be correlated with the [O ill] luminosity (over a range 
of more than three orders-of- magnitude in luminosity). Finally, in Figure [TU] we plot the 
[OIII] luminosit y vs. the hard X-ray luminosity for the combination of our type 2 quasar 



sample and the lLaMassa et al.l type 2 Seyfert sample. Using survival analysis to account 
for the objects with upper limits on the X-ray luminosity we find a best-fit slope in the 
log-log plot of 0.88±0.11 (consistent with no significant luminosity-dependent X-ray obscu- 
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ration). In fact, type 1 A GNs show a systema tic decrease in the ratio of hard X-ray to 



bolometric luminosity (e.g.. iMarconi et al.ll2004j ). If the [OIII] luminosity is proportional to 



the bolometric luminosity, and if t he amount of X-ray o bscuration is independent of AGN 
luminosity, then the relationship in lMarconi et al.l ( 12004 ) would imply a s l ope of ~0.8. This 
is fully consistent with the fitted slope in Figure [10J Recently, |jin et al.l (120121 ) reported a 
nearly linear correlation between [O ill] and L2_iokeV of a sample of type 1 AGNs selected 
from the cross-correlation of the 2XMMi and SDSS DR7 catalogs. We show the correlation 
with the slope found by them in Figure [TU] with la deviation of our sample, where the line is 
shifted 1.26 dex d ownward to line up with the sample in this paper. This offset between the 
ty pe 1 sample by Jin et al.l ( 120121 ) and our type 2 sample is consistent with that reported 



by lHeckman et al. 



( 120051 ). indicating that Lx/^om ratio is still a good indicator of intrinsic 



obscuration for high-luminosity AGNs. 

Additionally, we compare the ratio of their X-ray and [O ill] luminosity with their 
geometric means in Figure ITT1 There appears to be a slight correlation (slope 0.24 ±0.09 in 
log-log scale) between the two quantities as shown in the upper panel of Figure [TTJ However, 
if we exclude those highly-obscurred sources with L x /£oiii < 1> this correlation becomes 
negligible, i.e., the slope is nearly zero (see the lower panel of Figure ITT]) . Comparing both 
cases, we find that the "correlation" in the left panel of Lx/^om vs. (Lx-kom) 1 ^ 2 is driven 
by the highly-obscurred AGNs at lower luminosity. 



4.6. The Fraction of Compton-thick AGN 



In order to explain the X-ray background (XRB) spectrum above 10 keV, iGilli et al. 



( 120071 ) predict that the population of Compton-thick AGN is as numerous as that of Compton- 



thin ones in their synthesis model of XRB fitting. 

In Figure we plot the column densities we derived from the simulations described 
in Section I4T31 versus the Lx/Liq n i] ratio. Since A^ H is derived from the difference between 
the typical Seyfert 1 L x /£[o in] value and our observed Lx/£[o in] , it is not surprising that 
we find that the Lx/ £[o in] ratio decreases as the simulated A^h increases. We designate 
a source as a Compton-thick candidate if the la confidence interval of simulated column 
density exceeds 1.6 x 10 24 cm -2 in Figure [12j In addition, sources with an iron line EW 
larger than 1 keV in Table are also considered to be Compton-thick. By also including 
the three sources which have no hard X-ray photons detected, we find 38 quasars out of 72 
(53 ± 9%) are classified as Compton-thick. We flagged them in Table [2] and |3j 
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4.7. Sample completeness and selection bias 

As stated above, in a sample of 25 obscured quasars optically selected from SDSS, V10 
estimated the intrinsic X-ray luminosity from the observed [O ill] emission line flux using 



Mulchaey et al.l (119941 ). and compared it with the observed X-ray luminosities, i.e., similar 
to our simulation procedure although our simulations take the dispersion in the Seyfert 1 
distribution into account. V10 conclude that a quasar could be identified as Compton-thick 
if the ratio between the observed and predicted X-ray luminosities is less than 0.01 and find 
the fraction of Compton-thick AGN to be 65 per cent. However, they point out that [O ill]- 
based selection results an Eddington bias that would naively lower the observed L x / L[ ni ] 
ratios and estimate that the true fraction is likely closer to 50% on the basis of the observed 
Lx/£mir values for their sample. 

The V10 sample is selected from the catalog of 291 type 2 quasars in Z03, with L[ G m] > 
1O 9 28 L (note that the [O ill] luminosities used by V10 are from Z03, which are slightly 
different from the those given by R08 due to a different OIII line fitting procedure). This 
sample had complete X-ray coverage. However, the R08 catalog is significantly larger, with 
887 type 2 quasars selected by applying the same criteria to newer and more extensive SDSS 
data. This increase in sample size, plus the larger range in L[o mi that we have probed means 
that our sample is not complete with respect to the optical selection. Thus, it is necessary 
to discuss how the completeness may affect our estimation of the fraction of Compton-thick 
AGNs. In Figure [131 we show the completeness of our sample in the catalog of R08, which is 
the number of AGNs in our sample above a given [O ill] luminosity divided by the number 
of AGNs in R08 sample above the same [O ill] l uminosity. A l thoug h our sample only covers 



a small fraction (~ 8%) of the parent sample in iReyes et al.l (120081 ) over most of the [O ill] 
luminosity range, the completeness rises rapidly at higher luminosities, reaching over > 20% 
in the luminosity range studied by V10 (Lp in] > 1O 91O L according to the new measurement 



of [O ill] luminosity bv lReves et al.l 120081 ). 



If we limit the [O ill] luminosity range of our sample to that in V10, the Compton-thick 
fraction becomes 56% (19 out of 34) with L[ Q m] > 1O 91O L , consistent with the fraction 
reported in V10. While with [O ill] luminosity above 1O 9,5O L , the Compton-thick fraction 
is 53% (8 out of 15). 

Only 13 out of the 72 quasars in our sample were initially targeted observations by 
Chandra and XMM-Newton and were not obviously selected independently of their X-ray 
properties. The others are either serendipitous objects in the field of view or were observed 
in X-rays based on their optical properties (i.e., [O ill] luminosity). Thus, the majority of 
our sample were not observed in X-rays based on their known X-ray properties. From this 
point of view, we can safely claim that our sample is not X-ray biased. 
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5. Summary 

We have presented the hard (2-10 keV) X-ray spectral properties of 72 type 2 quasars in 
the redshift range of z ~ 0.05 — 0.73 from Chandra and XMM-Newton archival data, which 
are selected based on their [O in] A5007 emission line luminosity. This is the largest sample 
of obscured quasars studied in X-rays to date. Their observed [O ill] luminosities range from 
10 8 -10 10 - 3 L Q . 

Of these 72 objects, 18 have limited photons detected, and we gave the 3- a upper limits 
to their X-ray fluxes. For the remainder, we have fitted their X-ray spectra by assuming 
a single absorbed power-law to probe their spectral slope and circumnuclear obscuration. 
Twenty three sources have more than 100 photons collected so that we used a more com- 
plicated model (double- absorber power-law) to re-do their spectral fits. We also fit the Fe 
Ka fluorescent emission line in individual sources. For the others, we grouped them in four 
bins according to their observed Lx/ Lp ni] ratios and Lp ni] and jointly fit their spectra to 
investigate the Fe Ka feature. We also used a more physically realistic model to simulate the 
X-ray spectrum, which included partial covering by the absorber and the effects of Compton 
scattering. Our main results are summarized as follows: 

1. For the 54 sources fitted with absorbed power- law we find the average value for the 
power-law index is < T >= 1.87 ± 0.74. The average column density of our sample 
from the direct spectral fit is log N H = 23.0 ± 0.9 cm~ 2 . 

2. The distribution of the Lx/ Lp nil ratio of our type 2 quasar sample agrees with that of 
local lower luminosity type 2 Seyferts studied previously, indicating that they are expe- 
riencing similar amounts of X-ray obscuration. Based on the small ratios of Lx/ Lp ni] , 
we found that the single-absorber power-law model underestimates the intrinsic X-ray 
obscuration. The double-absorber power-law model we applied to the 23 brightest 
sources also gave a higher column density than the single-absorber model. 

3. We constructed a more physically realistic model with partial covering of the central 
source and Compton scattering to simulate the intrinsic column densities that pro- 
duced the observed low Lx/ Lp ni ] ratio. We find that about half of our sample have 
simulated column densities one order of magnitude higher than from their single power- 
law spectral fits, but a significantly better agreement with the double power-law model 
results. 

4. We investigated the Fe Ka features directly detected in 11 individual sources and the 
rest in groups by stacking (jointly fitting) their spectra. The anti-correlation between 
the iron line equivalent width and the Lx/ Lp ni ] ratio confirms the relationship studied 
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previously (IKrolik fc Kallmanl 119871 ; iBassani et all Il999l ; lLaMassa et all 120091 ) . Also 



we find that the iron line luminosity correlates well with the [O ill] line luminosity, ex- 
tending the relation seen in type 2 Seyferts to higher luminosities. These correlations 
illustrate that the weak observed hard X-ray emission is due to the heavy absorption 
around the central SMBH, not due to intrinsically weak X-ray emission. The consis- 
tency of these correlations with those found in low- luminosity Seyfert galaxies supports 
the standard model of AGN at the high luminosity end. 



5. By co mbining our analysis with results for type 2 Seyferts from lLaMassa et all ( 12009 



201 ll ) we found no dependence of the simulated absorbing column densities on AGN 
luminosity. We also found a nearly linear relationship between the [OIII] and X-ray 
luminosities. These results show that the amount of X-ray obscuration does not depend 
significantly on AGN luminosity (over a range in luminosity of over three orders-of- 
magnitude). 

6. Based on the observed Lx/L\o in] ratio and the simulated column densities, we found 
that about half of the total 72 quasars would be classified as Compton-thick AGNs. 
When limiting the L\q nil range to higher values, the Compton-thick fraction does 
not change significantly. However, more accurate quantification of the Compton-thick 
fraction and its dependence on intrinsic luminosity requires a larger sample. 



The first focusing high energy X-ray mission, the Nuclear Spectroscopic Telescope Array 
(NuSTAR), will be launched soon. NuSTAR will carry out a two-year baseline survey, which 
will resolve the XRB above 10 keV. This survey will surely improve our estimation of the 
intrinsic obscuration of obscured AGNs, especially the Compton-thick ones. 
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Appendix 

A. Objects studied in other literature 

30 quasars in our sample were also found in papers of X-ray studies of Type 2 AGN 
(V04; V06; V10; L09 and P06), which are flagged in the last column of Table [TJ There are 17 
objects studied in V04, but only SDSS J1226+0131 has XMM data and others are observed 
by ROSAT. Two objects (SDSS J0115+0015 and SDSS J0243+0006) in P06 were included 
in Z03, but the [O ill] luminosity cut excludes them in R08. Therefore, we remove these two 
objects in this paper. 

Objects with limited photon counts. SDSS J0120-0050, SDSS J0134+0014, SDSS J0319-0058, 
SDSS J0737+4021, SDSS J1027+0032, SDSS J1446+0113, SDSS J1517+0331 and SDSS J2358-0022 
have their X-ray luminosity given as a 3-cr upper limit in our work (see Table [3]) • However, 
the de-absorbed X-ray luminosity of these sources in V06 and V10 are not listed as upper 
limits. The luminosities are based on directly converting from their observed 2-8 keV count 
rates. 

SDSS J0149-0048, SDSS J0815+4304, SDSS J0842+3625, SDSS J0921+4531 and SDSS J1157+6003 
have upper limits on the observed flux and derived X-ray luminosity given in our work, V06 
and V10. However, we find that our values are systematically one order of magnitude larger 
than those in V04, V06, V10. This difference is due to our assumption of an intrinsic col- 
umn density of 10 23 cm -2 in converting the source count rates to flux, while only Galactic 
absorption was assumed by them. 

SDSS J0050-0039. The spectral parameters given by V06 are JV H = 3.75 x 10 23 cm~ 2 
and T = 1.78, and the derived de-absorbed 2-10 keV luminosity is 7.2 x 10 44 erg s -1 . These 
values are consistent with our analysis of the same Chandra observation (Obs ID: 5694), and 
we also derive the observed 2-10 keV luminosity of 1.8 x 10 44 erg s _1 . 

SDSS J0123+0044- This object has enough photons to constrain the spectral parame- 
ters. VI fixed the photon index at T = 2 and derived the column density of Ah = 1.44 x 10 23 
cm -2 , which is 1.5 times of our value. The photon index in our double-absorber power-law 
fitting is T = 1.06. 

SDSS J0157+0053. The Chandra observation (Obs ID:7750) is studied by both V10 and 
us. The de-absorbed X-ray luminosity of this Chandra observation from our work is one order 
of magnitude larger than that given by them. However, we also found an XMM observation 
available, which has many more photon counts than the Chandra data to constrain the 
spectral parameters. The result of multiple observations is shown in Appendix [B] 
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SDSS J0210-1001. P06 presented the spectral properties of the object by analyzing the 
XMM observation (Obs ID: 0204340201), which gives a column density of A" H = 2.3 x 10 22 
cm" 2 and a flat photon index of Y — 0.46. V06 re-analyzed the data but only gave the 
de-absorbed 2-10 keV luminosity, which is close to the value from P06. We have similar 
results in this paper. 

SDSS J0801+4412- We obtain similar spectral parameters and flux for this object as 
P06 did. The column density given by V06 is Afi = 4.3 x 10 23 cur 2 , while it is 1.7 x 10 23 
cm -2 in our work. Thus, the de-absorbed X-ray luminosity is about 5 times higher than the 
values in P06 and this paper. 

SDSS J0812+4018. The best-fit photon index and absorption of SDSS J0812+4018 in 
V10 are T = 2.6 and N n = 2.14 x 10 22 cm" 2 . Our results are T = 1.91 and JV H = 9.3 x 10 21 
cm -2 , which has a flatter spectral slope and slightly smaller obscuration. 

SDSS J0920+4531. Neither V10 nor our work is able to constrain the column density 
from the spectral fit. They fixed the photon index at V = 2 and our value is T = 1.38, and 
our value of the derived X-ray luminosity is twice as large as theirs. 

SDSS J1039+6430. Very limited photons are detected, and the spectral fit by both V10 
and us fixed the photon index and left the column density as the Galactic value. Our results 
are similar to the values in V10. 

SDSS J1153+0326. V06 fitted the spectrum firstly by a power-law and Galactic absorp- 
tion only, and they got a flat photon index of V = 0.56. This is consistent with our result 
in Table |2j They then fixed the index at T = 2 and got an absorption of iVn = 1.54 x 10 22 
cm -2 . In our double power-law model fitting, the photon index is T = 1.54 and the column 
density at the redshift of this source is Ah = 8.9 x 10 22 cm" 2 . 

SDSS J1218+4706. Our spectral fit results are very similar to those from L09. Both 
works performed the double-absorber power-law model in the spectral fitting. 

SDSS Jl 226+0131. The XMM observation (Obs ID: 0110990201) is studied by both 
V04 and P06. The best-fitting spectrum of SDSS J1226+0131 in V04 gives a flat photon 
index of V = 1.3 and column density Ah = 1.26 x 10 22 cm -2 . In P06, the simple power-law 
model fitting gives T = 1.41 and A^h = 2.0 x 10 22 cm -2 . P06 also used a two-absorber model 
by assuming partial covering, and the other absorber has a column density of A^h = 8.7 x 10 23 
cm -2 , while we get a similar value in our double power-law model fitting (Ah = 1.2 x 10 24 
cm" 2 ). The observed hard X-ray luminosity is consistent with the two papers. 

SDSS J1228+0050. The column density from the spectral fit by V10 is A" H = 1.52 x 10 23 
cm" 2 , which is very close to our value of Ah = 1-32 x 10 23 cm" 2 . The photon index given 
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by both works is slightly different: T = 1.9 in their paper and 1.55 in ours. 

SDSS J1232+0206. This object has fewer than 10 source counts detected. P06 fixed 
both photon index and column density (T = 1.7 and Nn = 1.0 x 10 23 cm -2 ) in the spectral 
fitting. We only fixed the index at 1.7 and Nr was constrained to be 7.45 x 10 22 cm" 2 . Our 
derived flux value is consistent with P06 within a factor of two. 

SDSS J1238+0927. Our spectral fit results are very similar to those from L09. Both 
works performed the double-absorber power-law model in the spectral fitting. 

SDSS J1641+3858. The spectral properties obtained by P06 are very close to the values 
in our paper. V06 got a column density slightly higher but still consistent with our value. 

SDSS J2358-0009. This object was considered to be a serendipitous source with a large 
off-axis angle in the Chandra observation (Obs ID: 5699). Only upper limits of flux and 
luminosity were given in V06 due to the very limited photon counts. This data set is ruled 
out for this object by the search radius described in Section [2j Instead, we found that it is 
covered by two XMM observation (see Tabled]). We performed a moderate-quality spectral 
fit by using the XMM data. 

B. Objects with multiple observations 

SDSS J0056+0032. It was observed by XMM (Obs ID: 0303110401) and Chandra (Obs 
ID: 7746) in 2005 and 2008, respectively. We used a simple power-law to fit the spectra, and 
the spectral parameters for each observation are given in Table [21 The XMM observation 
had 59 total photons detected, which allows us to perform a moderate quality spectral fit. 
The Chandra observation detected only 6 photons, and we fixed the photon index as 1.7 and 
derived the hard X-ray luminosity (not the 3-cr upper limit), which is consistent with the 
results from the XMM data. The simultaneous fit of both observations gives a photon index 
of 1.64, which is slightly flatter than 1.84 from XMM. 

SDSS J0157-0053. The Chandra observation (Obs ID: 7750) has 23 photons detected, 
which allows a moderate quality spectral fit. The photon index is V = —0.47 for this 
Chandra observation. XMM observation (Obs ID: 0303110101) detected ~ 500 photons and 
the spectral fit gives T = 1.64. Due to the insufficient photon counts in Chandra observation, 
we use the spectral properties and derived flux from the XMM observation in the sample 
statistics. 

SDSS J0758+3923. There are two XMM observations available for this object with Obs 
ID: 0406740101 and 0305990101. No significant flux variability is observed. The spectral fit 
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parameters for both individual and combined observations are listed in Table [2j The spectral 
plot of XMM- 0406740101 is shown in Figure Ofl and Figure [H] shows the simultaneous 
spectral fit for multi-observations. 

SDSS J0834+5531 Also know as 4C 55.16. Two Chandra observations (Obs ID: 1645 
and 4940) and one XMM observation (Obs ID: 0143653901) are found to cover 0834+5534. 
The XMM imaging shows a point-like morphology of this object, but it is extended in the 
Chandra observation. The radii of extraction circles on Chandra and XMM images are 
2.5"and 38", respectively. The 2-10 keV flux measured from XMM data is one order of 
magnitude higher than that from Chandra observations (see Table |2]). Since it is radio- 
loud, the extended emission is probably due to the jets. Therefore, we use the results of 
the 2.5"extraction region in Chandra data. A simultaneous spectral fit of both Chandra 
observations is shown in Figure IT41 

SDSS ,10900+2053. Two Chandra observations (Obs ID: 10463 and 7897) and one XMM 
observation (Obs ID: 0402250701) are found to cover 0900+2053. The Chandra observations 
show an extended morphology in X-ray emission. The star formation rate of the galaxy 
is 12.5 M yr _1 given by the MPA/JHU DR7 of SDSS. We extracted the spectra from 
concentric regions with radii of 2.5", 10" and 20". The soft X-ray fluxes of the two larger 
regions are 7 and 10 times of that in the 2.5" region, while the hard X-ray fluxes of the two 
larger regions are only 2 and 3 times of that in the smallest region. Thus, the extended 
emission is dominated by soft X-ray photons from star formation. We use the 2.5" region 
to estimate the quasar emission in this paper. Simultaneous spectral fit of both Chandra 
observations is shown in Figure [TJ" 



SDSS J0913+4056. This is a hyperluminous infrared galaxy. Two Chandra observa- 
tions (Obs ID: 10445 and 509) and one XMM observation (Obs ID: 0147671001) are found 
to cover SDSS J0913+4056. Like SDSS J0900+2053, soft X-ray photons dominates the ex- 
tended emission, and we use the 2.5"region for the spectral analysis of quasar emission. A 
simultaneous spectral fit of both Chandra observations is shown in Figure [HI Our spectral 
analysis results are consistent with the original papers which stu died these three observations 



( llwasawa et al.ll2001t IPiconcelli et al.ll2007t IVignali et al.l 1201 lh . 



SDSS J1227+1248. Three Chandra observations (Obs ID: 5912, 9509 and 9510) and 
one XMM observation (Obs ID: 0210270101) have SDSS J1227+1248 covered in the field of 
view. The simultaneous fit of three Chandra data sets is shown in Figure HH However, we 
only use the XMM observation in the double power-law spectral fit to derive the spectral 
properties. 

SDSS J1311+2728. This object is observed by XMM (Obs ID: 0021740201) and Chan- 
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dra (Obs ID: 12735) with exposure times of 44 ks and 8 ks, respectively. The XMM observa- 
tion has 588 total X-ray photons detected, while only 19 photons are captured by Chandra. 
Therefore, the spectral properties of SDSS J1311+2728 presented in this paper are from the 
XMM observation. 

SDSS J2358-0009. This object is observed by two XMM observations (Obs ID: 0303110301 
and 0303110801). The simultaneous fit of both observations is shown in Figure [TU 
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Table I. SDSS type 2 AGN observed with Chandra or XMM-Newton 
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72+003235. 


.8 


2.86 





.4840 


9.25 


XMM-0303110401 


8.7 (P) 11.4 (Ml) 11.4 (M2) 


07/16/05 






















Chandra-7746 


9.91 


02/08/08 




c 


SDSS 


J012032 


21-005502. 





3.69 





.6010 


8.85 


Chandra-7747 


10.19 


02/18/07 




c 


SDSS 


J012341 


47+004435. 


9 


3.24 





.3990 


9.14 


Chandra-6802 


9.96 


02/07/06 




c 


SDSS 


J013416 


.34+001413. 


6 


2.91 





.5559 


9.53 


Chandra-77i8 


10.0 


09/10/07 




c 


SDSS 


J014932 


53-004803. 


7 


2.85 





.5669 


9.29 


Chandra-7749 


10.1 


08/30/07 




c 


SDSS 


J015716 


92-005304. 


.8 


2.58 





.4223 


9.19 


Chandra-7750 


9.7 


06/18/07 




c 


















JCMM-0303110101 


9.9 (P) 12.7 (Ml) 12.7 (M2) 


07/14/05 






SDSS 


J021047. 


.01-100152. 


9 


2.17 





.5401 


9.87 


XMM-0204340201 


9.1 (P) 11.6 (Ml) 11.6 (M2) 


01/12/04 




b, e 


SDSS 


J030425 


69+000740. 


9 


7.05 





5557 


9.26 


JCMM-0203160201 


15.4 (P) 14.9 (Ml) 14.9 (M2) 


07/19/04 


8.1 




SDSS 


J031950. 


54-005850. 


6 


6.05 





.6261 


9.59 


Chandra-5695 


11.64 


03/10/05 




b 


SDSS 


J033746. 


73+003509. 


.7 


8.31 





.4096 


8.6 


XMM-01 17890901 


48.6 (P) 1.8 (Ml) 54.0 (M2) 


02/18/00 


8.1 




SDSS 


J073745 


88+402146. 


5 


6.18 





.6142 


9.31 


CTiandra-7751 


9.45 


02/03/07 




c 


SDSS 


J075820. 


.98+392336. 





5.22 





2160 


9.02 


XMM-0406740101 


10.89 (P) 14.22 (Ml) 14.24 (M2) 


10/22/06 


4.1 




















XMM-0305990101 


2.0 (P) 7.9 (Ml) 7.9 (M2) 


04/18/06 


6.1 




SDSS 


J080154 


24+441233. 


9 


4.79 





5561 


9.64 


Chandra-5248 


9.94 


11/27/03 




b, e 


SDSS 


J081253. 


.10+401859. 


9 


5.16 





5512 


9.39 


Chandra-6801 


10.02 


12/11/05 




c 


SDSS 


J081507. 


.42+430427. 


2 


5.02 





.5099 


9.44 


Chandra-5696 


8.28 


12/27/05 




b 


SDSS 


J083454 


89+553421. 


1 


4.14 





.2414 


8.69 


Chandra-1645 


9.01 


10/17/01 






















Chandra-4940 


95.96 


01/03/04 






















XMM-0143653901 


6.3 (P) 9.6 (Ml) 9.6 (M2) 


10/09/03 


13.1 




SDSS 


J083945. 


98+384319. 





3.55 





.4246 


8.60 


XMM-0502060201 


15.35 (P) 18.65 (Ml) 18.68 (M2) 


10/16/07 


10.8 




SDSS 


J084041. 


08+383819. 


8 


3.45 





.3132 


8.45 


XIWM-0502060201 


15.36 (P) 18.8 (Ml) 18.75 (M2) 


10/16/07 






SDSS 


J084234. 


94+362503. 


1 


3.41 





.5615 


10.02 


Chandra-532 


19.68 


10/21/99 


5.4 


b, e 


SDSS 


J085331 


.39+175347. 


3 


2.94 





.1865 


8.92 


XMM-0305480301 


23.28 (P) 68.58 (Ml) 68.39 (M2) 


10/28/05 


11.4 




SDSS 


J085554 


47+370900. 


4 


2.93 





.3567 


8.84 


Chandra-6807 


10.46 


02/17/06 


4.93 




SDSS 


J090037. 


.09+205340. 


2 


3.39 





.2357 


8.98 


Chandra-10463 


41.18 


02/24/09 






















Chandra-7897 


9.05 


12/23/06 


1.3 




















JCMM-0402250701 


9.9 (P) 15.7 (Ml) 15.7 (M2) 


04/13/07 






SDSS 


J091345 


.48+405628. 


2 


1.82 





.4409 


10.33 


Chandra-509 


9.17 


11/03/99 







Table 1 — Continued 



ID 








Galactic TVh g 




z 


loeYZ/fn TTTl 1 L(T)) 


Observation 


Exposure 


Date 


off-axis 


ref. 


J2000 coordinates 




(xlO 20 cm"' 2 ) 








ID 




mm/dd/yy angle (') 




(1) 








(2) 




(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


















CTiandra-10445 


76.16 


01/06/09 






















XMM-0147671001 


10.2 (P) 13.52 (Ml) 13.55 (M2) 


04/24/03 


1.1 




SDSS 


J092014 


.10+453157. 


3 


1.51 





.4025 


9.15 


Chandra-6803 


10.18 


03/05/06 




c 


SDSS 


J092152. 


45+515348. 


1 


1.42 





.5877 


9.41 


Chandra-7752 


10.18 


09/27/07 




c 


SDSS 


J092318. 


.06+010144. 


8 


3.32 





.3873 


8.77 


XMM-0551201001 


23.1 (P) 26.7 (Ml) 


11/06/08 






SDSS 


J092438. 


.24+302837. 


1 


1.94 





.2727 


8.80 


XMM-0553440601 


4.37 (P) 6.51 (Ml) 


11/22/08 


10.3 




SDSS 


J093952. 


74+355358. 





1.43 





.1366 


8.75 


XMM-0021740101 


26.6 (P) 33.9 (Ml) 33.9 (M2) 


10/27/01 






SDSS 


J094506 


39+035551. 


1 


3.71 





.1559 


8.60 


XMM-0201290301 


24.9 (P) 37.0 (Ml) 37.0 (M2) 


05/19/04 


10.0 




SDSS 


J100327. 


93+554153. 


9 


0.775 





.1460 


8.24 


XMM-0110930201 


17.1 (P) 24.5 (Ml) 24.5 (M2) 


04/13/01 


13.2 




SDSS 


J102229. 


.00+192939. 





2.36 





.4063 


9.13 


Chandra-4907 


7.28 


03/31/05 






SDSS 


J102746 


03+003205. 





4.47 





.6137 


9.46 


Chandra-7883 


10.04 


01/13/07 




c 


SDSS 


J103408. 


.59+600152. 


2 


0.69 





.0511 


8.81 


XMM-0306050701 


8.8 (P) 11.4 (Ml) 11.4 (M2) 


04/04/05 


1.2 




SDSS 


J103456. 


.40+393940. 





1.47 





.1507 


8.91 


XMM-0506440101 


11.9 (P) 15.0 (Ml) 15.0 (M2) 


05/01/02 


4.6 




SDSS 


J103951. 


.49+643004. 


2 


1.18 





.4018 


9.43 


Chandra-7753 


10.04 


02/04/07 




c 


SDSS 


J104426 


.70+063753. 


8 


2.82 





.2104 


8.16 


XMM-0405240901 


23.98 (P) 30.96 (Ml) 30.95 (M2) 


06/05/07 


5.5 




SDSS 


J110621. 


96+035747. 


1 


4.58 





.2424 


9.01 


C/i.andra-6806 


10.16 


02/02/06 






SDSS 


J111907. 


.01+600430. 


.8 


0.71 





.2642 


8.28 


XMM-0502780201 


9.6 (P) 13.5 (Ml) 13.5 (M2) 


05/20/07 






SDSS 


J113153 


75+310639. 


.7 


1.96 





.3727 


8.52 


XMM-0102040201 


17.16 (Ml) 23.34 (M2) 


11/22/00 


12.1 




SDSS 


Jl 14544. 


.99+024126. 


9 


2.21 





.1283 


8.19 


XMM-0551022701 


13.8 (P) 


06/15/08 


8.0 




SDSS 


J115138. 


.24+004946. 


.4 


2.26 





.1951 


8.40 


Chandra-7735 


4.70 


07/09/07 






SDSS 


J115314. 


.36+032658. 


6 


1.89 





.5748 


9.64 


Chandra-5697 


8.28 


04/10/05 




b 


SDSS 


J115718. 


35+600345. 


6 


1.65 





.4903 


9.61 


Chandra-5698 


7.06 


06/06/06 




b 


SDSS 


J121839. 


40+470627. 


.7 


1.17 





.0939 


8.56 


XMM-0203270201 


14.2 (P) 33.3 (Ml) 35.0 (M2) 


06/01/04 


6.0 


d 


SDSS 


J122656 


40+013124. 


3 


1.84 





.7321 


9.8 


XMM-0110990201 


21.3 (P) 28.6 (Ml) 28.6 (M2) 


06/23/01 


5.0 


a, e 


SDSS 


J122709 


84+124854. 


5 


2.64 





.1945 


8.5 


XMM-0210270101 


21.95 (P) 26.16 (Ml) 26.16 (M2) 


12/19/04 


3.8 




















Chandra-5912 


32.64 


03/09/05 


4.2 




















Chandra-9509 


25.81 


04/14/08 


6.7 




















Chandra-9510 


25.22 


04/14/08 


7.5 




SDSS 


J122845. 


.74+005018. 


7 


1.88 





.5750 


9.28 


Chandra-7754 


9.54 


03/12/07 




c 


SDSS 


J123215 


81+020610. 





1.80 





.4800 


9.62 


Chandra-A91l 


9.73 


04/21/05 




b, e 


SDSS 


J123843 


02+092744. 





1.87 





.0892 


8.51 


XMM-0504100601 


17.4 (P) 21.3 (Ml) 21.3 (M2) 


12/09/07 


1.7 


d 


SDSS 


J124302. 


.48+122022. 


8 


2.34 





.4852 


9.09 


Chandra-11322 


10.62 


02/28/10 


3.4 




SDSS 


J124337. 


34-023200. 


2 


2.03 





.2814 


8.88 


Chandra-6805 


10.16 


04/25/06 







Table 1 — Continued 



ID 








Galactic iVn,G 




z 


l°g(£[0 ui]/ L e) 


Observation Exposure 


Date 


off- axis 


ref. 


J2000 coordinates 




(xlO 20 cm"' 2 ) 






ID (ks) 


mm/dd/yy 


angle (') 




(1) 








(2) 




(3) 


( 4 ) 


(5) (6) 


(7) 


(8) 


(9) 


SDSS 


J130128. 


76—005804. 


.3 


1.59 


0. 


.2455 


9.12 


Chandra-QSQA 10.18 


05/30/06 






SDSS 


T "i o "i ~i r\ A 

J 131104. 


36+272813. 


.4 


0.98 


0. 


2398 


8.46 


XMM-0021740201 40.3 (P) 43.7 (Ml) 43.7 (M2) 
Chandra- 12735 7.95 


12/12/02 
11/17/10 






SDSS 


J132419. 


88+053704. 


.6 


2.26 


0. 


.2027 


8.49 


XMM-0200660301 10.7 (P) 10.0 (Ml) 10.2 (M2) 


07/11/04 


1.7 




SDSS 


J132946. 


20+114009. 


.3 


1.93 


0. 


5596 


9.36 


XMM-0041180801 15.6 (P) 22.3 (Ml) 22.3 (M2) 


12/30/01 


7.8 




SDSS 


J133735. 


02-012815. 


.7 


2.41 


0. 


.3292 


8.71 


XMM-0502060101 2.4 (M2) 


07/11/07 






SDSS 


J134733. 


36+121724. 


.3 


1.90 


0. 


1204 


8.65 


Chandra-Sm 27.95 


02/24/00 






SDSS 


J141120. 


52+521210. 


.0 


1.33 


0. 


4617 


8.41 


Chandra-225A 92.1 


05/18/01 






SDSS 


J143027. 


66-005614. 


.9 


3.35 


0. 


3177 


8.42 


XMM-0502060301 1.36 (P) 4.96 (Ml) 4.91 (M2) 


08/03/07 






SDSS 


J143156. 


38+325137. 


.7 


1.07 


0. 


.4198 


9.52 


Chandra-A2GA 5.02 
Chandra-WA57 34.58 


04/01/03 
10/30/08 


2.6 
6.0 




SDSS 


J144642. 


29+011303. 


.0 


3.55 


0. 


.7259 


9.54 


Chandra-7755 10.18 


03/22/07 




c 


SDSS 


J144920. 


72+422101. 


.3 


1.53 


0. 


1784 


8.85 


Chandra-5717 4.36 


10/04/05 






SDSS 


J150719. 


93+002905. 


.1 


4.48 


0. 


1819 


8.98 


XMM-0305750801 10.5 (P) 13.4 (Ml) 13.4 (M2) 


07/20/05 


1.1 




SDSS 


J151711. 


47+033100. 


.2 


3.78 


0. 


6128 


9.10 


Chandra-7756 10.04 


03/28/07 




c 


SDSS 


J160641. 


42+272556. 


.9 


3.89 


0. 


5411 


9.44 


XMM-0304070701 2.24 (Ml) 1.86 (M2) 


07/29/05 


9.2 




SDSS 


J164131. 


73+385840. 


.9 


1.16 


0. 


.5957 


10.04 


XMM-0204340101 12.2 (P) 16.8 (Ml) 17.1 (M2) 


08/20/04 




b, e 


SDSS 


J171350. 


32+572954. 


.9 


2.48 


0. 


1128 


8.95 


XMM-0305750401 6.2 (P) 8.7 (Ml) 8.7 (M2) 


06/23/05 






SDSS 


J235818. 


86-000919. 


.1 


3.25 


0. 


.4025 


9.27 


XMM-03031 10301 1.87 (P) 5.76 (Ml) 5.73 (M2) 
XMM-03031 10801 6.9 (P) 9.5 (Ml) 9.5 (M2) 


12/04/05 
06/20/06 




b 


SDSS 


J235831. 


16-002226. 


.5 


3.29 


0. 


6277 


9.68 


Chandra-5699 6.25 


08/08/05 




b 



Note. — Column 1: J2000 coordinate; Column 2: Galacti c column de nsity calculated by HEAsoft TVjj tool; Column 3: rcdshift; Column 
4: [O lll]A5007A line luminosity in units of solar (from [Reyes et aL (2008)); Column 5: Chandra and XMM-Newton observation ID; Column 
6: exposure times after filtering in units of ks (for XMM-Newton observations, the exposure times are listed separately for PN (P) and 
MOSl,2 (Ml, 2) instruments); Column 7: date of obs ervation; Column 8: separati on from the center o f field of view in units of arc minute; 
C olumn 9: references th at have t he source included : q- IVignali et al.l 1120041 ) (V04); fe- IVienali etall | |2006|) (V06); c- IVignali et""aH iboioh (V10); 
rf ]LaMassa et al.l ||2009| ) (L09); e- |Ptak et all ||2006| ) (P06). 



Table 2. X-ray spectral properties of SDSS type 2 AGN 



ID 


Total counts and 




r 


X 2 /dof 






£x/£[o III] 


Lx,in/L[o III] 


Compton- 




estimated background counts 


/i n22 — 2 \ 

(10^ cm z ) 




or c-stat/dof (10 44 erg s 


- 1 \ ( -\ n44 

1 ) (10 erg s 


-1\ 

) 




thick 


(!) 


(2) 


(3) 


( 4 ) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


0011+0056 


77(62.6)/.. ./57(31. 3) 


< 2.70 


— 1.15 


123.3/122 


0.031 


0.031 


1.72 


1.72 


J 

V 


0050-0039 


45(0.4) 


as.5+%1 

— 26.0 


1.73+HS. 

^—1.66 


51.0/39 


1.83 


7.21 


4.20 


16.37 


J 

V 


0056+0032 


25(18.4)/16(8.8)/18(10.5) 


< 0.96 


i.84i; : « 


69.3/54 


0.04 


0.04 


0.59 


0.59 


V 




6(0.5) 


< 0.64 


1.7 


4.5/4 


0.03 


0.03 


0.44 


0.44 




0123+0044 


161(0.3) 


6.92+5-?2 

— 2.80 


0.69+2-5? 

— O.ol 


115.1/128 


1.81 


2.44 


34.2 


46.0 




0157-0053 


23(0.2) 


< 0.37 


-0.47+0-™ 

— 0.87 


17.5/21 


0.33 


0.33 


5.5 


5.5 






351(322.2) /72(47.6) /83(46.3) 


< 0.11 

< 0.08 


1.64+0-81 
0.73+0-^ 

— 0.41 


443.8/439 
476.4/461 


0.13 


0.13 


2.2 


2.2 




0210-1001 


189(31. 2)/78(8.1)/77(8.5) 


o n o+2.06 
°- uo -1.42 


0.8910-38 


325.9/312 


1.81 


2.0 


6.34 


7.03 




0304+0007 


.../29(18.2)/28(20.3) 


43.4+244.6 




58.1/51 


0.31 


1.63 


4.4 


23.0 




0337+0035 


.../.. ./115(36.6) 


i.oo+;-g? 

— u.o * 


— 0. (o 


4.0/8 


0.46 


0.50 


30.0 


32.7 




0758+3923 


90(43.7)/20(8.9)/20(9.3) 


< 0.24 


-1 OO+0.96 
— 0. i u 


8.6/8 


0.02 


0.02 


0.44 


0.44 






85(69.4)/45(38.3)/46(38.3) 


0.26+Hi 

— U. 2o 

< 0.25 


2 - 04+ l 15 

1.68+o ; 7 t 

— 0.71 


142.1/164 
21.3/29 


0.07 


0.07 


1.5 


1.5 




0801+4412 


47(2.4) 


17.1+^ 

—6.6 


0.82+0-*! 


70.8/42 


0.92 


2.10 


5.5 


12.5 




0812+4018 


201(0.8) 


Q3+0-45 


1.91+0-37 

^ — 0.36 


104.9/125 


1.56 


1.70 


16.4 


18.0 




0834+5534 


174(57.9) 


0.054+°;!,?? 

— 0.054 


1.64+0-36 

—0.32 


101.9/113 


0.17 


0.17 


9.0 


9.0 






2967 (3.0) 


H+0- 03 
u - ±i 0.03 


2 09+0- 10 
z - uy -o.io 


126.2/103 


0.21 


0.22 


11.1 


11.2 






2514(238.8) /1079(74.5) /1110(69.9) 


0.12+°-°? 
u — 0.02 

0.12+002 
— 0.03 


2 24+0- 10 
^■^ -0.09 

2 12+ 011 
—0.10 


236.2/200 
128.6/122 


2.67 


2.71 


142 


144 




0839+3843 


363(137.6) /133(37.9) /111(41.5) 


2 01 + 7 tJ 
1.08 


1 21+0--5 
-0.39 


54.6/55 


1.36 


1.56 


89 


102 




0840+3838 


91(64.7) /30(21.9) /29(20.9) 


< 0.38 


2 08+H? 


130.4/137 


0.008 


0.008 


0.71 


0.71 


J 

V 


0853+1753 


134(28.3)/169(52.9)/124(15.7) 


< 0.07 


-0.02+H2 

— 1 .25 


380.8/367 


0.081 


0.081 


2.53 


2.53 




0855+3709 


26(1.6) 


, 97 +4.66 
°- z '-3.05 


1 14+ 1 - 47 


26.6/23 


0.23 


0.28 


8.6 


11.3 




0900+2053 


2017(2.0) 




1.11 


289.8/78 














336(0.3) 


0.08+°;°* 


0.53 


32.59/13 














7871(23. 6)/3705(7.4)/3098(9. 3) 


9 n7 +0.05 
z - u '-0 .04 


658.0/537 


2.37 


2.39 


64.7 


65.3 




0913+4056 


250(50.0) 
2298 (2.3) 


< 0.02 


1 41+O.I6 
1-+1-0.15 
1 ,-+0.11 
I- 3 ' -0.11 


156.9/141 
200.2/88 


1.50 


1.50 


1.8 


1.8 






6259(275.4)/2470(86.5)/2574(75.6) 


07+ - 02 
u - u ' -0.02 


1 OO+0.06 


466.8/425 


9.67 


9.73 


11.8 


11.9 




0920+4531 


17(2.6) 


< 0.31 


1 Qo+1-32 
l-JO-0.93 


17.1/15 


0.04 


0.04 


0.72 


0.72 


V 


0923+0101 


171(120.2) /38(31.5)/24(25.4) 


< 0.08 


1.7 


188.1/205 


0.026 


0.026 


1.14 


1.14 




0924+3028 


53(38.2)/24(6.2)/... 


23.4±£;° 


74+4 03 


90.4/69 


0.29 


0.62 


12.0 


25.6 





Table 2 — Continued 



ID 


Total counts and 


N H 


r 


X 2 /dof 


L x 


£x,in 


Lx/L[o in] Lx, 


in/£[0 III] 


Compton- 




estimated background counts 


(10 22 cm" 2 ) 




or c-stat/dof (10 44 erg s 


x ) (10 44 erg s 






thick 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


0939+3553 


782(136.9)/536(94.3)/544(97.4) 


< 0.01 


0.671";!! 


192.9/88 


0.18 


0.18 


8.4 


8.4 




0945+0355 


.../40(31.8)/34(25.5) 


< 0.55 


1.7 


62.8/65 


0.002 


0.002 


0.96 


0.96 




1003+5541 


141(120. 7)/103(91.7)/107(94.4) 


< 1.55 


„ „„_l_9 no 

0.80l 2 ;° 2 


277.8/321 


0.04 


0.04 


0.54 


0.54 




1022+1929 


21(4.5) 


-^9 1 £ 

1 06 + 
i - UD -0.84 


1 1 Aft 


25.0/17 


0.11 


0.12 


2.1 


2.3 




1034+6001 


560(49.8) /124(9.3) /123(12.4) 


< 0.03 


~ . ^4-0 41 

z,4lO -0.17 


116.2/71 


0.005 


0.005 


0.23 


0.23 


V 


1034+3939 


859(280.9)/307(113.6)/299(120.8) 


< 0.03 


O QO + 0.31 

^•^-0.17 


182.5/134 


0.005 


0.005 


0.16 


0.16 


V 


1039+6430 


11(4.3) 


< 0.32 


1.7 


12.2/10 


0.02 


0.02 


1.7 


1.7 


V 


1044+0637 


263(133. 9)/100(42.2)/110(52. 3) 


4-90 & 

6S.lt.tll 


1 -°°-1.93 


62.0/42 


0.069 


0.49 


12.4 


88.1 




1106+0357 


26(3.6) 


< 0.20 


n 01 +0.58 


16.3/20 


0.046 


0.046 


1.2 


1.2 


V 


1119+6004 1301(1010.9)/326(215.8)/266(167.0) 


< 0.02 


- „~4-0 "34 

1.99tg;|J 


129.9/90 


0.10 


0.10 


13.3 


13.3 




1131+3106 


.../38(42.1)/54(49.9) 


< 1.44 


2-56±t;i| 


64.2/87 


0.03 


0.03 


2.0 


2.0 


V 


1145+0241 


146(100.0)/.../... 


< 0.05 


1 9+1.30 
°- lz -1.26 


153.7/127 


0.004 


0.004 


0.71 


0.71 


V 


1153+0326 


91(2.8) 




^ in 49 

u - '• 3 -0.33 


87.5/74 


1.30 


1.30 


7.7 


7.7 




1218+4706 


90(38.8)/144(41.6)/170(50.5) 


< 0.04 


ofj+0-42 


34.5/33 


0.004 


0.004 


0.3 


0.3 


V 


1226+0131 


221(27.4)/186(32.6)/216(50.0) 


— . -4- 70 

z *^ z -().61 


. in 30 

1 6Q ' 
l.o»_ 24 


96.9/93 


3.24 


3.93 


13.4 


16.2 




1227+1248 


221(141. 9)/62(26.2)/50/ (37.0) 


< 0.15 


1.7 


323.5/305 


0.009 


0.009 


0.75 


0.75 


V 




66(0) 


^ + 11 7 


1 0^>+l 02 


58.2/59 


0.07 


0.18 


5.8 


15 






27(2.0) 


Ofi P. -too. I 


J -2.27 


20.0/23 


0.04 


0.13 


3.3 


10.8 






22(0) 


„ „„_I_q 44 

1 q q+10.5 


1.7 


16.4/20 
98.0/103 


0.03 


0.04 


2.5 


3.3 




1228+0050 


54(3.3) 




1 cc~l~0.67 
i - 00 -1.38 


51.3/45 


1.17 


2.21 


15.8 


30.6 




1232+0206 


12(2.8) 


7.45 + ^ 3 ;| 

— 5.52 


2.11± 2 ;° 2 


17.8/13 


0.09 


0.33 


0.14 


0.87 


V 


1238+0927 


1616(150.3) /540(57.2) /545(53.4) 


45.3±™ 


z - ZD -0.23 


313.0/246 


0.18 


1.00 


14.5 


80.6 




1243-0232 


11(0.6) 


41+ 150 


1.7 


12.8/8 


0.007 


0.008 


0.16 


1.17 


V 


1301-0058 


50(4.0) 


ll.l±g;| 


2 16+ 1 - 59 


74.1/42 


0.18 


0.39 


3.5 


7.8 


V 


1311+2728 


385(125. 5)/102(33.3)/101(33.4) 


< 0.11 


2.48±°;« 


416.7/434 


0.015 


0.015 


1.4 


1.4 


V 




19(0) 


21+ - 66 


Z - 00 -1.24 


5.6/13 


0.01 


0.01 


0.9 


0.9 




1324+0537 


61(42.8) /20(15.3)/50(29.2) 


< 0.12 


1 69+ 1 ' 68 

u -0.86 


128.1/123 


0.02 


0.02 


16.7 


16.7 


V 


1329+1140 


344(254.9)/131(111.6)/140(123.8) 


0.25±°;« 


9 ~o+1.47 


426.9/472 


0.13 


0.14 


1.5 


1.6 




1337-0128 


.../.../12(5.0) 


< 2.02 


1.7 


19.6/10 


0.065 


0.065 


3.3 


3.3 




1347+1217 


1110(5.6) 


2 74+0.26 


1 59+ ' 26 
i.o»_ 25 


600.7/383 


0.32 


0.40 


18.7 


23.2 




1411+5212 


6159(43.1) 


19.52±i;|? 


3 56+ ' 11 


416.5/238 


2.35 


10.22 


238 


1036 




1430-0056 


15(9.5)/6(8.3)/10(6.1) 


< 0.23 


1.7 


38.5/28 


0.023 


0.023 


2.3 


2.3 


V 



Table 2 — Continued 



ID Total counts and 


N H 


r 


X 2 /dof 


Lx 




Lx/L\ ni] £x,i 


n/£[o III] 


Compton- 


estimated background counts 


(10 22 cm- 2 ) 




or c-stat/dof (10 44 erg s 


- 1 ) (10 44 erg s- 






thick 


(1) (2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


1431+3251 124(1.5) 


qq q+30.4 
jy.a_ 16 5 


1.8iJ_ 1 _ 02 


9.1/9 


0.69 


3.01 


5.4 


23.6 




1449+4221 31(0.5) 


< 0.24 


-0.33+1H 


56.9/35 


0.21 


0.21 


7.7 


7.7 




1507+0029 754(492.4)/162(90.7)/161(84.2) 


6.23± 20 3 ! 


54+ a42 


104.9/102 


0.23 


0.30 


6.3 


8.2 




1641+3858 991(68.4)/438(25.0)/450(25.7) 


9 oo+0. 48 


1 Q4+0.14 
1 " 34 -0.14 


210.9/174 


5.31 


6.20 


12.6 


14.7 




1713+5729 314(241. 2)/71(45.2)/82(46. 9) 


< 0.03 


9 ro+0.42 
Z - OJ -0.43 


75.1/43 


0.008 


0.008 


0.26 


0.26 


V 


2358-0009 39(34.6)/22(14.9)/14(13.9) 


26+ 1 ' 43 


9 97 +0.48 
z - z '-0.23 


58.9/72 


0.11 


0.11 


0.45 


0.45 




42(27.9)/12(7.4)/15(10.5) 


< 0.27 

< 0.37 


3.68±*;S° 

9 04+ 2 -32 
^• Z4 -1.17 


55.9/63 
114.8/136 


0.015 


0.015 


0.06 


0.06 





Note. — Column 1: ID in hhmm+ddmm notation; Column 2: total and background photon counts for each detector; Column 3: fitted column 
density; Column 4: fitted photon index; Column 5: reduced x 2 or C- statistic; Column 6: observed hard X-ray (2-10 kcV in rest frame) luminosity 
derived from spectral fit; Column 7: intrinsic hard X-ray luminosity after correction for absorption; Column 8: observed X-ray to [O III] luminosity 
ratio; Column 9: intrinsic X-ray to [O in] luminosity ratio; Column 10: Compton-thick or not. 
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Table 3. X-ray counts, count rates, 3-cr upper limits of marginally detected AGNs. 



ID observed counts S max count rates /2-iokeV -^2-iOkeV Compton-thick 



(1) 




(2) 


(3) 


(4) 




(5) 






(6) 


(7) 


0028-0014 a 


12 (15.2) (M2) 


12.3 


0.0081 


5.3 


X 


10~ 


13 


1.2 


X 


10 44 




0120-0055 


2 


(0.3) 


9.7 


0.0010 


4.1 


X 


10- 


14 


3.9 


X 


10 43 


V 


0134+0014 


3 


(1.3) 


10.4 


0.0010 


2.3 


X 


10- 


14 


1.2 


X 


10 43 


V 


0149-0048 


1 


(1.2) 


7.3 


0.0007 


1.6 


X 


10- 


14 


1.3 


X 


10 43 


V 


0319-0058 


9 


(2.9) 


18.0 


0.0016 


3.5 


X 


10- 


14 


3.6 


X 


10 43 


V 


0737+4021 


3 


(0.2) 


11.5 


0.0012 


2.6 


X 


10- 


14 


2.6 


X 


10 43 


V 


0815+4304 


2 


(0.3) 


9.7 


0.0012 


2.7 


X 


10- 


14 


1.8 


X 


10 43 


V 


0842+3625 


8 


(2.2) 


17.3 


0.0009 


4.4 


X 


10- 


14 


3.6 


X 


10 43 


V 


0921+5153 


1 


(0.7) 


7.5 


0.0007 


1.6 


X 


10- 


14 


1.4 


X 


10 43 


V 


1027+0032 


6 


(2.0) 


14.4 


0.0015 


4.3 


X 


10- 


14 


4.3 


X 


10 43 


V 


1151+0049 


5 


(2.4) 


12.5 


0.0027 


8.0 


X 


10- 


14 


7.1 


X 


10 42 




1157+6003 


4 


(3.3) 


10.4 


0.0015 


3.5 


X 


10- 


14 


2.1 


X 


10 43 


V 


1243+1220 


6 


(1.9) 


14.5 


0.0014 


3.6 


X 


10- 


14 


2.2 


X 


10 43 


V 


1431+3251 b 


9 


(1.0) 


32.4 


0.0064 


2.4 


X 


10- 


13 


1.0 


X 


10 44 


V 


1446+0113 


10 (3.7) 


18.6 


0.0019 


3.7 


X 


10- 


14 


5.2 


X 


10 43 




1517+0331 


8 (4.4) 


15.1 


0.0015 


3.2 


X 


10- 


14 


3.1 


X 


10 43 




1606+2725 a 


15 (15.2) (Ml) 


15.1 


0.0068 


3.6 


X 


10- 


13 


2.7 


X 


10 44 


V 


2358-0022 


5 (2.2) 


12.7 


0.0020 


4.6 


X 


10- 


14 


4.8 


X 


10 43 


V 



a Photons arc obtained by three detectors on XMM-Newton for 0028-0014 and 1606+2725. We 
choose the lowest flux upper limit among PN/MOS1/MOS2 as the flux limit. 

b The 99.7% Bayesian confidence interval for the source count is (1.7-20.2), which does not give an 
upper limit. Here we give the 5- a upper limit on the source count and the corresponding 2-10 keV flux 
and luminosity. 

Note. — Column 1: ID in hhmm+ddmm notation; Column 2: observed total counts and the estimated 
mean background counts (in bracket); Column 3: upper limit on source counts at 3-<r level; Column 
4: count rates; Column 5: flux in 2-10 keV range; Column 6: observed hard X-ray (2-10 keV in rest 
frame) luminosity; Column 7: Compton-thick or not. 



Table 4. Fit parameters of double-absorber power-law models. 



ID 




Nn l 




r 


N11 2 


AC 


F-stat Probability 


Lx 


L ■ 


I J~V i I TTTl I l~V 

A. / ^ \KJ 111J J - J A. , 


IT 

in/ ^[O III] 




10 


22 cm~ 2 






10 22 cm- 2 


or Ax 2 








(10 44 erg s 


- 1 ) (10 44 erg s 


- 1 ) 


(1) 




(2) 




(3) 


(4) 


(5) 


(6) 




(7) 


(8) 


(9) 


(10) 


(11) 


0123+0044 






1 


nfi +0.65 
UD -0.69 


9-711;? 


10.1 


6.060 


> 


0.9969 


1.73 


2.66 


32.6 


50.1 


0157-0053 






2 


qo+1.57 


40 5+IO6.5 


7.3 


7QQ 




n QQA1 


0.30 


1.63 


5.0 


27.4 


0801+4412 






1 


ns +1.28 
U8 -1.29 


40.8±H;| 


20.9 


8.377 


> 


0.9991 


0.93 


2.90 


5.5 


17.2 


0834+5534 


0. 


90 + O.O8 

za -0.09 


2 


■' 8 -0.52 


7.05±&| 


8.4 


A 1 97 

4. lo f 


> 


n oqi 
U.yolz 


0.22 


0.32 


11.6 


16.9 


0853+1753 






2 


49+0.44 
•* z -0.38 


55.7lit; 7 


81.0 


on 70 
oz. / 




-1 
1 


0.08 


0.62 


2.5 


19.4 


0900+2053 






1 


OO+0.25 
■° d -0.15 


37.4l 7 ° 8 4 


216.7 


112.6 




1 


1.10 


3.52 


30.0 


96.0 








1 


=4+0.52 
04 -0.46 


59 q+50.1 
JZ - a -26.6 


21.0 




> 


n none; 

u.yyyo 


1.21 


4.42 


33.0 


120.5 







i 9+0.02 
lz -0.02 


2 


o n +o.o9 

,JU -0.09 
01 +0.15 
Si -0.11 


80.0+j 7 ;° 


90.3 


42.55 




1 


2.50 


9.14 


68.2 


249.3 






1 


37.3^;? 


















0913+4056 


0. 


ns +0.14 
U °-0.08 


2 


94+0.69 
• Z4 -0.53 


90 9+31.6 


21.0 


1U. / 4 


> 


n noon 

u.yyyy 


1.74 


5.07 


2.1 


6.1 








1 


QO + 0.19 


-?9 1 28.2 


98.4 


41.6 




1 


2.30 


9.28 


2.8 


11.2 




0. 


nq +0.03 
uy -0.03 


1 


qo+0.07 
ys -0.13 


78.0l|;-| 


10.9 


o.uo 


> 


u.yyoz 


9.61 


16.0 


35.1 


58.4 






1 


og + 0.17 

° y -0.12 


50 9+22.9 

oo -°-13.0 


















0939+3553 






1 


yo + 0.26 

'^-0.24. 


11 4+ 4 ' 6 


84.3 


O4.10 




1 
1 


0.19 


0.32 


8.9 


14.9 


1034+6001 a 


nfi +0.18 


1 


yc + 1.81 

• '°-1.22 


26 S+ 42 1 
zo -°-26.3 


31.9 


O.OO 


> 


o.yyyy 


0.009 


0.02 


0.39 


0.87 


1034+3939 






2 


oq+0.25 
■ 8y -0.23 


77.8tg- 2 


37.4 


34.28 




1 


0.02 


0.21 


0.5 


5.0 


1044+0637 






2 


54 +1.72 
•0 4 _1.44 


S7 , +50.9 
°'- 1 -33.9 


20.0 


9.52 


> 


o.yyy6 


0.07 


0.96 


12.4 


170.1 


1153+0326 


0. 


, 7 +0.48 
11 -0.17 


1 


54+I.I8 
' o4 -1.04 


q+17.0 


3.2 


1.37 


> 


0.7385 


1.33 


1.90 


7.9 


11.2 


1218+4706 






2 


55+0.39 
oo -0.30 


80.2+Jjg 


12.7 


9.03 


> 


0.9992 


0.006 


0.02 


0.4 


1.7 


1226+0131 


3 


i +1.38 
1Z -0.93 


2 


i O+0.78 
■ 18 -0.53 


TOT O + 257.0 

121.0I 695 


3.7 


1.81 


> 


0.8299 


3.16 


13.39 


13.1 


55.2 


1227+1248 






2 


9 fi +0.84 
ZO -0.66 




47.4 


17.28 




1 


0.04 


0.41 


3.2 


34.2 


1238+0927 b 




2 


9K+0.29 
• ZD -0.23 


45.3+J;? 










0.18 


1.00 


14.5 


80.6 


1311+2728 





ns +0.15 
U °-0.08 


3 


m+o.90 

ui -0.62 


170.0+g 7 2 5 ° 


22.2 


12.16 




1 


0.03 


1.79 


2.4 


163.7 


1347+1217 


0. 


99 +0.11 
zz -0.10 


1 


5O+0.32 
dy -0.32 


4.43t°'| 4 


236 


81.97 




1 


0.35 


0.47 


17.1 


20.6 


1411+5212 b 




3 


5 6 +0.11 
• OD -0.05 


19.5211;!? 










2.35 


10.22 


238 


1036 


1431+3251 


2. 


65+ 7 ' 20 
DO -2.65 


2 


o 7 +0.72 
-1.66 


56.9 C 


1.4 


0.82 


> 


0.5197 


0.68 


5.71 


5.4 


45.0 


1449+4221 








1.7 


17.23l^ 5 9 


13.7 


5.55 


> 


0.9919 


0.17 


0.38 


6.2 


13.9 


1507+0029 


6. 


n4 +9.56 
u4 -4.79 


2 


51+l.H 
01 -1.23 




8.5 


4.41 


> 


0.9854 


0.23 


2.18 


6.3 


59.2 


1641+3858 






1 


50+0.15 
ou_ 17 


3 49+0.70 
°-^ z -0.74 


14.1 


6.16 


> 


0.9974 


5.39 


6.75 


12.8 


16.0 



a SDSS J1034+6001: The photon index of the two power-law components arc not tied together in the spectral fits. The other 
photon indice is S-Ollggg. 

b SDSS J1238+0927, SDSS J1411+5212: Single-absorber power-law spectral fit is not performed. 



c Parameter reached preset boundary during error search. 



Note. — Column 1: ID in hhmm+ddmm notation; Column 2: column density of the first absorber; Column 3: photon index 
of power-law; Column 4: column density of the second absorber; Column 5: change of \ 2 or C- statistic compared with the 
single power-law model; Column 6: calculated F- statistic of adding an additional power-law component; Column 7: significance 
of the second power-law component; Column 8: observed hard X-ray (2-10 keV in rest frame) luminosity derived from spectral 
fit; Column 9: intrinsic hard X- ray luminosity after correction for absorption; Column 10: observed X-ray to [O Hi] luminosity 
ratio; Column 11: intrinsic X-ray to [O III] luminosity ratio. 
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Table 5: Fe Ka features of the AGNs with visually-detected iron emission line. 



ID 




EW (eV) 


L Fe (10 42 ergs s" 1 ) 

re \ o / 


v 2 /dof 

A. / 


Ay 2 

A, 


0834+5534 


6.75+°-}? 

" 1 "—0.11 


598+ 42 J 

"^ u — 308 


1.64+HI 

w — 0.84 


107.9/100 


18.3 


0900+2053 


6.34+Hf 

—0.07 


100+81.1 
lOO TO C 

—78.5 


4.36+M? 


73.1/76 


15.6 


0913+4056 


6.44 + °-|° 

— 0.10 


457+^ 


17.6+1?-? 

— 11.1 


135.9/139 


10.4 


0939+3553 


6 47+ - 08 

-0.09 


n q+163 
oio -160 


l.OO_ 49 


108.6/88 


30.8 


1034+6001 


6 42+ - 18 

u -^-0.06 


1585 + |?? 


20 +on 
u - zu -o.io 


84.3/68 


18.2 


1034+3939 


6.25lg;J| 


452+^t 


16+ 010 
u - iU -o.io 


145.1/133 


7.5 


1044+0637 


6.30+°;i? 


419+^ 


7S+ - 45 

U- '<J_0.44 


42.0/40 


9.2 


1218+4706 


6-38±g;g 


1656+^1 


0.15+°;^ 


21.8/31 


8.1 


1238+0927 


6 41 +a07 
°-^ i -0.07 


ni±ii 


o.47ig:i 


313.0/246 


13.4 


1311+2728 


6 4^+ - 13 

u -^°-0.12 


C97+363 
0/L ' -363 


0.36+°;! 


394.5/432 


9.6 


1347+1217 


6 42+ - 07 

°-^ z -0.08 


1951^ 


0.88^;|1 


360.7/378 


4.0 



a In rest frame 
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Table 6. Fe Ka features of the AGNs without visually-detected iron emission line. 



ID L X /L [Q m] E Unc (eV) EW (eV) 



0056+0032 


0.59 






0758+3923 


0.44 






0840+3838 


0.71 






-0.5 < log L X /L [Q m] < 0945+0355 


0.96 


6 43+ - 04 

"■^ -0.04 


1180+^ 


1003+5541 


0.54 






1145+0241 


0.71 






2358-0009 


0.45 






0011+0056 


1.7 






0157-0053 


2.2 






„ , T , T „ r 0853+1753 
0<lo g Wi[O...]< 0.5 0923+0101 


2.5 
1.1 


6 45+ 30 


35fi+ 636 
°'- >0 -356 


1022+1929 


2.1 






1329+1140 


1.5 







0050-0039 


4.2 






0210-1001 


6.3 






0801+4412 


5.5 






0.5 < log L x /L [0 ln] < 1.0 0855+3709 


8.6 


6.38t ; o 6 6 


360t?°J 


1153+0326 


7.9 






1301-0058 


3.5 






1507+0029 


6.3 






0812+4018 


16.4 






0924+3028 


12.0 






1119+6004 


13.3 






1.0 < log L x /L [0 m]< 1.5 1226+0131 


13.1 


6.40i°;gl 


148+i° 3 4 


1324+0537 


16.7 






1347+1217 


17.1 






1641+3858 


12.8 
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Table 7. N K from simulation and spectral fitting of plcabs. (in units of 10 22 cm 2 ) 



ID 


-^H.sim 


Afa, plcabs 


ID 




Nn, plcabs 


0011+0056 


164.75 


1.17 


1034+3939 


179.23 


106 


0028-0014 


20.34 


506 


1039+6430 


257.28 


0.01 


0050-0039 


104.3 


40.9 


1044+0637 


23.87 


89.6 


0056+0032 


187.11 


63.7 


1106+0357 


133.78 


0.27 


0120—0055 


84.43 


0.75 


1119+6004 


3.09 


0.01 


0123+0044 


12.56 


7.97 


1131+3106 


101.41 


9.94 


0134+0014 


512.3 


0.19 


1145+0241 


84.27 


25.56 


0149-0048 


> 15.32 


< 0.17 


1151+0049 


70.09 


5.05 


0157-0053 


65.79 


0.66 


1153+0326 


34.68 


0.86 


0210—1001 


12.67 


1.47 


1157+6003 


347.69 


15.3 


0304+0007 


75.76 


40.4 


1218+4706 


691.98 


0.01 


0319-0058 


186.81 


276 


1226+0131 


27.89 


3.11 


0337+0035 


6.26 


1.96 


1227+1248 


92.5 


86.9 


0737+4021 


250.59 


3.44 


1228+0050 


27.86 


13.4 


0758+3923 


77.36 


2.33 


1232+0206 


232.56 


8.36 


0801+4412 


77.42 


17.6 


1238+0927 


34.52 


45.4 


0812+4019 


9.54 


1.18 


1243+1220 


154.97 


< 3.28 


0815-4304 


> 8.84 


a 


1243-0232 


154.97 


6.32 


0834+5534 


7.88 


0.11 


1301-0058 


83.5 


11.8 


0839+3843 


0.17 


2.37 


1311+2728 


100.35 


0.01 


0840+3838 


88.06 


0.03 


1324+0537 


131.21 


0.64 


0842+3625 


539.14 


6.58 


1329+1140 


53.96 


0.13 


0853+1753 


108.44 


10.34 


1337-0128 


1.33 


0.52 


0855+3709 


40.81 


5.01 


1347+1217 


12.33 


3.15 


0900+2053 


0.49 


0.13 


1411+5212 


22.18 


8.73 


0913+4056 


63.84 


36 


1430-0056 


95.51 


2.43 


0920+4531 


93.05 


0.14 


1431+3251 


171.58 


9.11 


0921+5153 


> 25.81 


< 0.60 


1446+0113 


46.31 


< 0.13 


0923+0101 


100.57 


7.85 


1449+4221 


39.13 


18.4 


0924+3028 


60.24 


3.31 


1507+0029 


18.26 


10.3 


0939+3553 


4.75 


3.58 


1517+0331 


0.08 


0.04 


0945+0355 


22.81 


3.7 


1606+2725 


151.47 


103.6 


1003+5541 


3.08 


0.38 


1641+3858 


14.3 


1.97 


1022+1929 


71.49 


1.32 


1713+5729 


272.21 


0.33 


1027+0032 


108.61 


0.04 


2358-0009 


138.59 


2.99 


1034+6001 


497.95 


606 


2358-0022 


286.61 


9.66 



a Duc to limited photon counts and low S/N, plcabs could not adequately 
fit the spectrum. 
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Table 8: The means of [0 ill] and X-ray luminosities and their ratios in Ltq nil bins. 



Loin range 


< log Loin > 


<L X > 


< Lx/ Lom > 


< L Fc > 


(L Q ) 




(10 44 ergs s _1 ) 




(10 42 ergs s" 1 ) 


8.0-8.5 


8.35 ±0.14 


0.04 ±0.03 


6.01 ±6.26 


0.23 ±0.14 


8.5-9.0 


8.75 ±0.15 


0.30 ±0.58 


13.5 ±23.1 


0.88 ± 1.18 


9.0-9.5 


9.21 ±0.13 


0.38 ±0.59 


5.73 ±9.09 


1.26 ±1.12 


> 9.5 


9.88 ±0.25 


2.04 ± 1.61 


6.51 ± 1.64 


3.85 ±3.80 
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Fig. 1. — Spectra for each target fit with the single-absorber power- law model. The residuals 
of the fit are shown in the bottom panels. The spectral data in some plots are rebinned for 
display purpose. (A color version and the complete figure set (52 images) are available in 
the online journal.) 
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Fig. 2. — Plots of spectral fits using double power-law models. (A color version and the 
complete figure set (21 images) are available in the online journal.) 
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Fig. 3. — Histograms of photon indices of the absorbed power-law spectral fits of our sample 
(solid black line). For those having spectral fits of both single- and double- absorber power- 
laws, we use the values derived from the double-absorber model. We also show the sample of 



hard X-ray selected obscured AG Ns Jde Rosa etTa 



optically selected local Seyfert 2s ( ILaMassa et al. 



20121 . dashed blue line) and the sample of 



20091 . dot-dashed red line) for comparison. 
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Fig. 4. — Histograms of column densities of the absorbed power-law spectral fits. The 
samples and line styles are the same as indicated in Figure |3j 



-40 - 



20 - 



15 - 



10 - 



5 - 







-4 



— our somple 

- locol Type 1s 
■- locol Type 2s 



j L 



_I_L 



-2 2 4 

°9 ('-2-10kev/'-[oill],obs) 



Fig. 5. — Histograms of the ratio of the hard X-ray and observed [O ill] A5007 emission- line 
luminosity for local Type 1 (das hed blue line) and Type 2 (dash-dotted red line) of the 
samples in iHeckman et al.l (120051 1 and our type 2 quasar sample (solid black line). 



-41 - 




20 21 22 23 24 25 
'og N Hifitted (cm -2 ) 

Fig. 6. — Simulated column densities vs. the values from the spectral fits. The dashed line 
indicates where the two values are equal. The fitted values of column density are from single 
power-law model (plus symbols in black) and double power-law model (asterisks in red). 
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Fig. 7. — Equivalent width of Fe Ka emission line vs. -^2-iokev/-^[o in] - Th e data in black 
and b lue are from Table |5] and [6] in our sample, and those in red are from lLaMassa et al. 

hood ). 
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Fig. 8. — Fe Ka lumi nosity vs. [O H i lumi nosity. The data in red are the sample of type 2 
Seyfert galaxies from lLaMassa et al.l (120091 ) . The black symbols indicate the quasars having 
iron line detections listed in Table and the blue symbols indicate those from stacking. 
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Fig. 9. — Column density of the second absorber (N^) m Table H] vs. [O ill] luminosity. 
The crosses are our t ype 2 quasar sample, while the asterisks are the type 2 Seyferts from 
LaMassa et al.l (120091 ) . There is no correlation between column density and luminosity. 
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Fig. 10. — The log of the 2-10 keV X-ray luminosity plotted versus the log of the [O ill] 
luminosity. The pl uses show our t ype 2 quasar sample, while the asterisks are the type 2 
Seyfert galaxies in lLaMassa et al.l ( 120091 ). The best fit (dotted line) slope (which includes 
the non-detections in X-rays) is 0.88 ± 0.11, and is not significantly different from unity. 
Thus the degree of X-ray obscuration does not depend on AGN lum inosity. The sol id-red 
line indicates the best fit slope of the sample of type 1 AGNs given by Ijin et al.l (120121 ) with 
a shift of 1.26 dex downward to line up with the sample in our paper. The dashed-red lines 
indicate the ±lcr deviation for the data points in this plot. 
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Fig. 11. — Lx/ L[o t tt] vs- (Lx-Lgu] ) ^ 2 - T he upper panel includes all objects from our sample 
(plus symbols) and lLaMassa et al.l (120091 . asterisk symbols) . The lower panel excludes those 
with Lx/Lqiu < 1- 
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Fig. 12. — Simulated column density vs. observed hard X-ray to [O ill] luminosity ratio. 
The open circles represent the AGNs whose hard X-ray luminosities were derived from their 
spectral fits listed in Table [2] and HJ The red plus symbols represent upper limit cases in 
Table [31 The dashed vertical line denotes the region where N Hi simuiatcd > 1-6 x 10 24 cm -2 . 
These objects are designated as Compton-thick AGNs in this work. 
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Fig. 13. — The completeness of our sample in the catalog of iReyes et al.l (120081 ) as a function 
of [O ill] luminosity. The fraction is calculated as the number of AGNs in our sample above 
a given [O ill] luminosity (X-axis) divided by the number of all the AGNs in Reyes' sample 
above the same [O ill] luminosity. 
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Fig. 14.— SDSS J0758+3923: The symbols in black indicate the data obtained by XMM- 
0305990101, and the red symbols are from XMM-0406740101. Only PN detections are 
shown in this plot; SDSS J0834 +5534'- The symbols in black indicate the data obtained by 
Chandra-4940, the red symbols are from Chandra- 1645, and the green ones are PN data of 
XMM-0143653901; SDSS J0900+2053: The symbols in black indicate the data obtained by 
Chandra-10463, the red symbols are from Chandra- 7897, and PN data of XMM-0402250701 
are in green color; SDSS J0913+4056: The symbols in black and red indicate the data 
obtained by Chandra- 10445 and Chandra-509, and symbols in green indicate the PN data 
from XMM-0147671001; SDSS J1227+1248: The symbols in black, red and green indicate 
the data obtained by Chandra-5912, 9509 and 9510, respectively; SDSS J2358-0009: The 
symbols in black, red indicate the data obtained by XMM- 0303110301 and 0303110801, 
respectively. 



